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ABSTRACT

A field evaluation comparing the performance of lemittance (low-e) storm windows with both
standard clear storm windows and no storm windows werformed in a cold climate. Six homes with
single pane windows were monitored over the peoibdne heating season. The homes were monitored
with no storm windows and with new storm windoiise storm windows installed on four of the six h®me
included a hard coat, pyrolitic, low-e coating withe storm windows for the other two homes had
traditional clear glass. Overall heating load redion due to the storm windows was 13% with therclea
glass and 21% with the low-e windows. Simple pelbdor the addition of the storm windows were 10
years for the clear glass and 4.5 years for the-éostorm windows.

INTRODUCTION

It is estimated that 43% of all residential windcave single pane glassThe inherent inefficiency of
single pane windows due to solar heat gain, paarating value, and air infiltration—combined witie
large number of homes having single pane windowgatess a tremendous opportunity to provide energy
savings to a large segment of the housing stockyrmfwhich are moderate and low income households.

Storm windows are installed in over 800,000 U.Snés annually. Virtually all of these are manufactured
with clear, uncoated glass. While the use of logaating on double-pane, sealed-insulating-glaks)(S
windows has become commonplace over the last deitadese in the storm window market is virtually
non-existent.

Before double pane windows became common practicerthern climates in the 1970s and 1980s, single
pane windows were the standard. Most of these hdraé storm windows that would provide some
thermal and some air infiltration benefit. Oftearsn windows were removed in the summer for frash a
ventilation. Over time, many storm windows wouleédk or be removed for various reasons thereby
reducing the benefit of the storm window.

Storm windows reduce conduction across a windowrbgting d'dead-air" space between the existing
window and the storm window. In addition, storm @émvs help reduce infiltration which is common in
leaky, older windows. Yetnany low income weatherization programs have disegighe benefits of storm
windows and deemed replacement windows too expengiow-e glass incorporated into a storm window
has the potential of achieving nearly equivalemtdeiw thermal performance as new windows at a much
lower cost. For example, new windows may cost betw$100 and $500 plus installation; a low-e storm
window is in the $60 to $110 cost range and is nea®ly installed.

OBJECTIVE

This study is designed to quantify installed castd energy savings of clear and low-e storm windioves
cold climate and provide guidance to home enerdigieficy raters wishing to analyze storm window
performance with energy simulation software.

HOUSE DESCRIPTIONS



The weatherization program in Cook County, lllincgsruited six homeowners for the study. All homes
were located within a 15 mile radius, south of dmmm Chicago. Each home was a single family
detached structure having single pane windows (withwithout storm windows). All homes were
constructed between 1920 and 1970. All had theégiral single pane windows. Four of the six homes
had limited storm windows and two had nearly 90%hef storm windows intact. All of the homes were
typical Chicago construction for the period in whihey were built. All had brick facades with stural
concrete block exterior walls and no insulatiortia walls. All had basements that were either tliyer
indirectly conditioned. Appendix A provides a digd table of the homes’ characteristics.

METHODOLOGY

To obtain baseline measurements, the existing stwaimdows were removed from all the homes (except
for one window on one home). The houses were oeduguring the measurment period. All occupants
were instructed not to change their thermostainggsttor heating patterns during the test. Thibkthus

to compare energy use of the house before and thftestorm window retrofit. Four homes were then
fitted with low-e storm windows and the remaing ti@mes had clear storm windows installed.

Data was collected from each house to characterieegy consumption with and without storm windows.
This characterization produced an equation refigcénergy usage as a function of the indoor/outdoor
temperature difference. Seasonal energy use pi@Wicbased on typical meteorological conditions
(assuming indoor temperature of 70°F) can then lbeemwith before and after storm windows were
installed.

Temperature sensors were placed on two of the winslofaces in order to measure the differences in
temperature of the different window types. Sensweege placed on the inner surface of the outer pane
(surface 2) and the inner surface of the inner [fandace 4).

STORM WINDOWS

Two types of storm windows were installed in thet teomes. Four homes received Pilkington Energy

Advantage™ Low-E Glass and two homes had Pilkingtémcoated Float Glass installed. The

specifications for the storm window glass are tidbelow:

Product Thickness| Thickness Visible U-Factor SHGC Shading| Emissivity
(in) (mm) Transmittance Coefficient

Clear 1/8 3 90 1.04 0.86 0.99 0.84

Low-E 1/8 3 82 0.65 0.72 0.83 0.16

Table 1: Storm Window Specifications

Because nearly all the primary windows were doubleg, storm windows that were openable were
installed to provide for spring and summer ventiat Storm windows were installed in a two-trackie
that allowed for a movable lower storm on the intnack that could open with a screen on the ougarkt

to keep out unwanted insects.

DATA ACQUISITION

Datalogging equipment was installed in each hoasadnitor key information including furnace runtime
indoor temperature and humidity, and surface teatpegs of the primary and storm windows. Although
outdoor data was recorded at two homes, weatharfoah nearby Chicago Midway Airport was used as
the official outdoor conditions.

Data was captured on an hourly basis. Data atipmisystems (DAS) were installed in four homesalahi
allowed all the data to be recorded into one fikewas too difficult to run wires to a central &on in the
remaining two homes and, therefore, employed disdoggers at each datapoint. For these two homes,
the information was manually gathered from eaclyéo@nd the data subsequently synchronized.



Furnace gas consumption rate was calibrated aghimsttility gas meter. Since all of the furnabesérs
had a fixed consumption rate, it was assumed tmtthe gas runtime was directly proportional to the
usage.

House Furnace/Boiler Rated Calibrated
Capacity Consumption
(BTU/hr) (kW) (BTU/hr)
1 160,000 (46.9) 141,200 (41.1)
2 130,000 (38.1) 104,300 (30.6)
3 100,000 (29.3) 92,300 (27.1)
4 100,000 (29.3) 97,300 (28.5)
5 100,000 (29.3) 97,300 (28.5)
6 150,000 (44.0) 147,000 (43.1)
Table 2: Boiler/Furnace Energy Consumption Rates

MONITORING

Data was collected in two phases. The Baselina deats collected with the remaining original storm
windows removed and the second phase began withgtalation of the new storm windows.

Datalogging equipment was fully commisioned forefief the six houses in late October 2005. House 1
had a series of problems with the boiler and loggiquipment that did not allow for the energy ua@ado

be used in the final analysis. House 6 also haa ciarelation problems. These happened to béwtbe
homes with boilers, rather than forced hot aireyst. Thermal mass (concret block walls) in the é®m
and the delay radiator have in heating a room na&g ltontributed to the poorly correlating data.

Pre-storm window monitoring continued through tlesvrstorm window installation that occurred between
January 23 and February 7, 2006 for all six hontegst-storm window installation monitoring contidue
through the end of April.

AIR TIGHTNESS TESTING

Older single pane windows are notorious for allayvair to pass between the sash and window frame.
When adding storm windows, it was assumed thatl¢laikage path would be greatly reduced. In order t
measure this difference, an air tightness test paformed before and after the addition of therstor
windows.

House Before Storm Windows After Storm Windows % Reduction

1 5,230 CFN, 4,930 CFM, 5.7%
2 4,759 CFN, 4,459 CFM, 6.3%
3 3,159 CFM, 2,900 CFM, 8.2%
4 4,930 CFN, 4,595 CFM, 6.8%
5 3,590 CFN, 3,359 CFMq 6.4%
6 3,850 CFN, 3,520 CFMq 8.6%
Table 3: Before and After Air Tightness Testing Res

Adding storm windows improved the air tightnessatifsix homes. Air infiltration rates were reduced
between 231 and 335 CFM when pressurizing the Horb® Pascals. Although reduced infiltration i$ no
a direct benefit of the second pane of glass,peaps to be a consistent and repeatable improveméms
homes’ performance. From the six houses testedaithinfitration reduction averaged from aboub®6

CFMsq per window.

ENERGY SAVINGS

Once the data was gathered from both pre- andgtosts window installation, energy use data could be
analyzed. In order to characterize each homedlirmnequations were developed for pre- and pdstis



window installation. Trendline equations are liste Appendix B. Figure 2 illustrates the resudtin
trendlines developed from House #4 data.
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Figure 1: House #4: Delta Temperature/ Daily Thelsage Graph

Trendlines create a relationship between energgeuaad outdoor temperature. Once this relationiship
established, hourly weather data can be pluggetttermine an estimated energy usage. If thisrisech
out over an entire heating season, the energy usagde predicted. By using ASHRAE BIN weather
data (reference Appendix C) for an average Chicagoihgateason, resulting energy savings can be
calculated by subtracting the annual heating enasgge difference with and without storm windows.

Percent | Reduced | Annual Savings Glass Area Therms

Energy Therm (at $1.39/Therm) | (Square Feet) Saved per

Savings Usage Square Foot
House 1" - Low-e 27% 432 $ 600 355 1.2
House 2 — Low-e 19% 353 $ 490 151 2.3
House 3 — Clear 8% 80 $ 111 137 0.6
House 4 — Clear 18% 228 $ 317 238 1.0
House 5 — Low-e 23% 245 $ 341 123 2.0
House 6 — Low-e 19% 105 $ 145 248 0.4

Table 4: Storm Window Energy Savings

Energy savings was only calculated based on theceztigas usage. No effort was made to include the
coincident electric savings related to reducedimmtof forced air blower motors or hydronic pump
motors. The local natural gas cost in Spring 2886 $1.39 per therm (1 therm= 100,000 BTU'’s)

" Homes #1 and #6 did not have acceptable daily¢emtpre to gas usage correlation coefficients ragi
them to be removed from the final energy data aaly



GLASS TEMPERATURE

A side-by-side glass temperature test was conductelduse 6 in which one window was fitted with a
low-e storm and the other clear glass storm. Figushows the result of this test. The side-by-tdewas
conducted only at House 6 because it was the anlgénin which temperatures were recorded at 30tminu
intervals and the night-time data could, thus, $edu For glass surface temperature comparisan, it i
preferable to use night-time data because therdaydblar irradiation can distort glass surface enaipre
measurements.

The Y-axis shows the temperature difference betwleeside-by-side windows in degrees Fahrenheit.
Until 23 January 2006, this house had no storm auwsdinstalled. During this time period, the window
that was slated to receive the low-e storm windas,von average, 2.1°F colder than the window tlaest w
going to receive the clear storm window. There wagater underneath the warmer window, therefoze, w
assumed that this heater explains the systematigetiature difference noted during the baseline Tt
storm windows were installed on 23 January 200€erAhat point, the interior surface temperaturéef
window fitted with a low-e storm window is cleasyarmer then the window having a clear glass storm
window, even though it was consistently cooler dlgithaseline testing. This increase in interior auef
temperature for the low-e storm window indicateghlkr thermal comfort for the occupants and assegtiat
heating energy savings.
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Figure 2 — Interior glass surface temperaturdetiénces at the room side (#4) for side-by-sidedaivs
having no storm windows (prior to 1/23/2006) angkabne was fitted with a low-e storm window almel t
other with a clear glass storm window, as a funcid time.

There was one particularly cold day, denoted biydecin Figure 2, on 20 February 2006. The outside
ambient temperature was 14°F and the inside temperavas 65°F. A nearby weather station (2.5 miles
away) recorded wind speeds around 2 mph. The glaas window surface temperature was 58.3°F and
the low-e glass window surface temperature was @2.2s noted earlier, there was a heater installed
underneath the clear glass window, so its trueasarfemperature was probably about 2°F coldeh@srs

in the baseline data in Figure 2). The surface tratpre difference between these two windows an thi
cold night was between 4 and 6°F. We simulatedhindows at these outside and inside temperature
conditions in the WINDOW 5.2 software. WINDOW 5.&gicted a difference in temperature between the



two windows of 4. °F, which closely matches the suead difference. WINDOW 5.2 calculated a 27-29%
reduction in Center-of-Glass U-factor between arcgass storm window and a low-e coated glassnstor
window (calculated as a SIG with a 2-inch air spadefactor depends strongly on wind speed. The
simulated Center-of-Glass U-factors are given ettble below.

Center of Glass U-factor simulatiof Standard NFRC conditiofs

(Btu/h-ft2-F)

20 February 2006 conditions

Clear storm window 0.49 0.42

Low-e storm window 0.36 0.30

Table 5: Center of Glass U-Values

Glass surface temperature predictions, howevee W@°F lower in the simulation than in the recarde
data, which is consistent with our suspicion thheater was mounted near or under the windows. The
surface glass temperature predictions are stranfillenced by heat transfer coefficients on bottesiof
the glass. Yet, we had no data on the exact wirddpt the site during these measurements anddhe r
air temperature near the windows, which would Haslped in estimating heat transfer coefficients.

INSTALLED COST

Window costs are calculated as if they were eithechased by an individual (retail price) diredtgm a
manufacturer or if purchased wholesale from a mastufer and resold by an installer. Based on
conversations with both manufacturers and instltbe volume discount and installer markup are very
close to being the same. Installed costs for afidews are assumed to be $45 per window. This is
expected to cover both a measuring visit and ilagtah visit.

House # Window Cosf _Low-E Coating _Installatign _ TaZast

1- Low-E 3,206 711 1,485 $4,691
2- Low-E 1,198 273 54( $1,738
3- Clear 879 0 49% $1,344
4- Clear 1,671 g 990 $2,641
5- Low-E 1,197 273 54( $1,738
6- Low-E 1,809 515 1,080 $3,404

Table 6: Installed Storm Window Cost

COST EFFECTIVENESS

Reduced total heating energy was significant fothbihe clear storm windows (13%) and the low-e
windows (21%), as were the installed costs ranbetgveen $1,344 and $4,691. In order to determime h
cost effective the energy retrofit measures astmmle payback analysis was performed on the foonds

with well correlated data.

Total Window Cost Annual Energy Savings Simplelizak (yrs)
House 2- Low-E $1,738 $490 3.5
House 3- Clear $1,344 $111 12.1
House 4- Clear $2,661 $317 8.4
House 5- Low-E $1,738 $341 5.1

Table 7: Cost Effectiveness of Installed Storm Véiwd

Clear storm windows had a simple payback of betvérand 12.1 years which might not be deemed cost
effective by many state weatherization programsweéver, the two low-e homes had very good simple
paybacks in the range of 3.5 to 5.1 years. Cornisiglé¢he magnitude of the savings and relativelickju
payback, the low-e coated storm windows show piateas a weatherization option.

SUMMARY AND DISCUSSION

Based on the results from the field monitoringrstevindows should be considered as an energy
efficiency improvement measure for homes with @ngane windows in northern climates. The data



gathered from six homes in Chicago indicate thartetlis consistent benefit to using storm windo@ear
glass storm windows reduced the heating load by W&%a 10 year simple payback. Low-e storm
windows also showed an additional improvement gnaicthe clear glass benefits amounting to 21%
heating savings and an average payback of less yedrs. With an estimated 43% of all residential
windows being single pane glass, there is a tremendpportunity to provide energy savings through t
use of affordable storm and low-e storm windows.

One of the ancillary benefits of installing storrmdows is reduced air infiltration. Based on tledédoe
and after storm window air tightness tests, theaye reduction in air leakage (at 50 Pascals afspire)
was 15 CFM per window. This is a reasonable assomthat could be applied to energy modeling of
prospective upgrades.

Window temperature sensors were able to directigpare interior window surface temperatures for
windows fitted with low-e and clear glass stormaomws. This temperature difference relates directly
reduce heat loss and energy savings. Measurecttatape differences correlated fairly close to the
simulated difference, thus corroborating assumatkecef glass U-values for single pane windows with
clear storms (between 0.49 and 0.42) and low-erstdbetween 0.36 and 0.30).

This study had a fairly small sample size that weakiced to essentially four homes because of poorly
correlated data. Additional research on the beneficlear storm and low-e storm windows would be
necessary to more definitively state the energingawof clear and low-e storm windows. Howevee, th
results of this study indicate that there is aiicamt potential for the use of clear and low-erst
windows.
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APPENDIX A: House Characteristic Table

House | Street Datalogger # Heater | Year Building Conditioned | Window | Number Before Air | After Air
# Reference| Type Sto | Type Built Type Square Feet| Area of Tightness | Tightness
ries Windows

1 Whipple | Hobo 1 Hot 1930's | Bungalow| 1625 355 33 5,230 4,930
Quadtemp Water
Data Watcher Boiler

2 Kedzie Campbell 1 Gas 1950 Bungalow| 2250 151 12 4,759 4,459
Datalogger Furnace

3 Wabash Campbell 2 Gas 1935 Bungalow| 1125 137 11 3,159 2,900
Datalogger Furnace

4 73° Campbell 2 Gas 1925 Bungalow| 1150 238 22 4,930 4,595
Datalogger Furnace

5 167" Campbell 1 Gas 1965 Ranch 2160 123 12 3,590 3,359
Datalogger Furnace

6 Perry Hobo 1 Hot 1970 Bungalow| 2500 248 24 3,850 3,520
Quadtemp Water
Data Watcher Boiler




1 APPENDIX B: Energy Consumption Trendline Equations

Days of
No Storms Clear Storms (Old) Clear Storms (New) L ow-e Storms Data
H1 - No Storms y =22192x - 31003 24
R2 =0.5533
y =27174x -
H1 - Low-e Storms 453410 58
R2 =0.7023
H2 - No Storms y =21720x + 91281 42
R2 =0.8475
H2 - Low-e Storms y = 22659x - 76170 79
R2 =0.8934
H3 - No Storms y =16811x - 130096 78
R2 =0.9126
H3 - Clear Storms (New) y = 15660x - 127303 92
R2 =0.9308
H4 - No Storms y = 25206x - 267007 94
R2 =0.8944
H4 - Clear Storms (New) y =19774x - 190785 84
R2 =0.841
H5 - Clear Storms (Old) y = 13155x - 30345 78
R2 =0.8513
H5 - No Storms y = 7665.7x + 195211 24
R2 =0.7013
H5 - Low-e Storms y =12024x - 32473 70
R2 =0.9021
H6 - No Storms y = 8159.3x - 29441 61
R2 =0.6216
y = 5484.4x +
H6 - Low-e Storms 95324 19
R2 = 0.4696




APPENDIX C: BIN Weather Data for Chicago, IL
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